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A method for making a ?eld emission display includes the 
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according to a pixel pattern of the ?eld emission display. 
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according to the insulative performance required for the ?eld 
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vides a ?eld emission display having a barrier array With 
(51) Int. Cl.7 ...................................................... .. H01J 1/62 high precision and loW production costs. 
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METHOD FOR MAKING A FIELD EMISSION 
DISPLAY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
making a ?at panel display. Speci?cally, the present inven 
tion relates to a method for making a ?eld emission display 
Which has an improved barrier array. 

[0003] 2. Description of Prior Art 

[0004] Field emission displays are Well knoWn in the art 
and are Widely used since they have a small volume, loW 
poWer consumption, high contrast ratio, large vieWing angle 
and are suitable for mass production. In an FED device, 
electrons are emitted from tips formed on cathode electrodes 
by applying a voltage to the tips. The electrons impinge on 
a phosphor screen formed on a back of a transparent plate 
and thereby produce an image. 

[0005] A conventional ?eld emission display employs 
metal microtips as emitters. HoWever, it is difficult to 
precisely fabricate extremely small metal microtips for the 
?eld emission source. This difficulty greatly limits minia 
turiZation of a conventional ?eld emission display. In addi 
tion, metal microtips themselves are prone to Wear out after 
a long period of use. 

[0006] Carbon nanotubes produced by arc discharge 
betWeen graphite rods Were ?rst discovered and reported in 
an article by Sumio Iijima entitled “Helical Microtubules of 
Graphitic Carbon” (Nature, Vol. 354, Nov. 7, 1991, pp. 
56-58). Carbon nanotubes have eXcellent mechanical prop 
erties, high electrical conductivity, nano-siZe tips, and other 
advantages. Due to these properties, it has been suggested 
that carbon nanotubes could be an ideal material for ?eld 
emission applications. 

[0007] In both convention ?eld emission displays that use 
metal microtips as emitters and in ?eld emission displays 
that use carbon nanotubes as emitters, a barrier array is used 
to separate and insulate the cathode and the gate electrodes. 
To achieve superior display quality, the barrier array should 
be made With high accuracy and uniformity throughout the 
entire barrier array, and the material of Which the barrier 
array is made should not be porous, since otherWise air may 
become trapped in the pores. Furthermore, such applications 
as ?eld emission display demands that the barrier have a ?at 
upper surface and highly accurate height. Thus manufactur 
ing the barrier array is a critical step in making a ?eld 
emission display. 

[0008] The tWo main methods for making barrier arrays in 
the art are the screen printing method and the sandblasting 
method. In the screen printing method, a barrier array is 
formed by repeatedly screen printing and drying paste 
material on a substrate, and then baking the assembly. 
HoWever, during the repeated printing and drying procedure, 
it is dif?cult to ensure that the barrier array has a ?at upper 
surface and uniform height, and this leads to increases in 
production costs. In addition, it is also dif?cult to fabricate 
the barrier array to a high precision When using the screen 
printing method. Thus, screen printing is not suitable for 
mass production of high quality barrier arrays used in ?eld 
emission displays. 
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[0009] In the sandblasting method, Which is Widely used, 
material for the barrier array is applied to a substrate at a 
predetermined thickness, and then dried. Then a protective 
?lm having the shape of the desired barrier array is formed 
on the assembly, or a sand blasting mask is attached to the 
assembly. Sand is injected at high pressure so that unWanted 
portions of the material are removed, thus forming the 
barrier array. Finally, the barrier array is baked. HoWever, 
the Whole manufacturing process takes a considerable time, 
and control of the sand injection must be highly accurate. 
The sandblasting method is not very reliable, and is also 
prone to contaminate the manufacturing environment With 
sand. 

[0010] Other methods for making barrier arrays for ?at 
panel displays comprise photolithography, molding, and 
casting. HoWever, all these methods require mating of a 
substrate With suitable pastes, as Well as drying and baking 
processes. This makes these methods unduly time-consum 
ing. Furthermore, it is difficult to fabricate barrier arrays 
using these methods to a high precision. 

[0011] As described above, these dif?culties of barrier 
array manufacturing greatly limit mass production of ?eld 
emission displays having high precision. 

SUMMARY OF THE INVENTION 

[0012] In vieW of the above-described draWbacks, an 
object of the present invention is to provide a method for 
making ?eld emission displays Which have a high precision 
barrier array. 

[0013] Another object of the present invention is to pro 
vide a method for making ?eld emission displays Which is 
loW cost and suitable for mass production. 

[0014] A further object of the present invention is to 
provide a method for making ?eld emission displays having 
a barrier array, the method being environmentally friendly. 

[0015] In order to achieve the objects set out above, a 
preferred method for making a ?eld emission display having 
a barrier array in accordance With the present invention 
comprises the folloWing steps: providing a substrate; form 
ing cathode electrodes on the substrate; forming carbon 
nanotubes on the cathode electrodes; forming a barrier array; 
forming gate electrodes on the barrier array; ?xing the 
barrier array With the gate electrodes to the substrate; and 
packaging a phosphor screen With the substrate. In this 
method, the barrier array is formed by depositing an insu 
lative layer on a shadoW mask, Which de?nes a plurality of 
openings according to a piXel pattern of the ?eld emission 
display. This method employs the knoWn technology for 
making a shadoW mask in the ?eld of CRTs. In addition, a 
thickness and a material of the shadoW mask can be selected 
according to the particular requirements of the ?eld emission 
display required. Furthermore, the thickness and the material 
of the insulative layer can be determined by the insulative 
performance required for the ?eld emission display. More 
over, the barrier array may be formed in suf?cient siZe that 
it can be subdivided for use in one or more ?eld emission 

displays. In summary, the present invention provides a ?eld 
emission display having a barrier array made to a high 
degree of precision Which is loW in production cost. The 
barrier arrays are also suitable for mass production in an 
environmentally friendly manner. 
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[0016] Other objects, advantages and novel features of the 
present invention Will become more apparent from the 
following detailed description When taken in conjunction 
With the accompanying drawings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a ?oWchart of a preferred method for 
making a ?eld emission display having a barrier array 
according to the present invention; 

[0018] FIG. 2 is a schematic side vieW of a substrate With 
cathode electrodes and carbon nanotubes formed thereon 
according to the preferred method; 

[0019] FIG. 3 is a schematic plan vieW of a part of a 
barrier array used in the ?eld emission display made accord 
ing to the preferred method, said part comprising a single 
barrier; 
[0020] FIG. 4 is a schematic side vieW of the barrier array 
With gate electrodes formed thereon being ?xed to the 
substrate according to the preferred method; and 

[0021] FIG. 5 is a schematic side vieW of the ?eld 
emission display after packaging a phosphor screen With the 
substrate according to the preferred method. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0022] A preferred method for making a ?eld emission 
display having a barrier array according to the present 
invention Will be described With reference to the ?oWchart 
of FIG. 1. 

[0023] Referring to FIG. 2, a substrate 11 is ?rst provided 
(step 10). The substrate 11 can be glass, ceramic, silicon 
oxide, alumina or another suitable insulative material having 
a surface With a total thickness variation of less than 1 
micrometer. The substrate 11 must endure the temperatures 
at Which carbon nanotubes groW, generally being tempera 
tures higher than 700° C. Cathode electrodes 21 are formed 
on the substrate 11 by electroplating or magnetron sputtering 
(step 20). 
[0024] Carbon nanotubes 31 are then formed on the cath 
ode electrodes 21 (step 30). The carbon nanotubes 31 can be 
formed on the cathode electrodes 21 by directly groWing 
them on the cathode electrodes 21, or by transplanting 
preformed carbon nanotubes onto the cathode electrodes 21. 
The preformed carbon nanotubes can be formed on a silicon 
substrate by chemical vapor deposition. Then, the preformed 
carbon nanotubes can be transplanted onto the cathode 
electrodes 21 using electrically conductive adhesive. 

[0025] A preferred method for groWing the carbon nano 
tubes 31 directly on the cathode electrodes 21 comprises the 
folloWing steps: depositing a silicon layer (not shoWn) on 
the cathode electrodes 21 to a thickness of several tens of 
nanometers; depositing a catalyst layer on the silicon layer 
to a thickness in the range from 1 nanometer to several tens 
of nanometers, the catalyst layer being iron, cobalt, nickel or 
any suitable combination alloy thereof; annealing the cata 
lyst layer at 300~400° C. for almost 10 hours; heating the 
cathode electrodes 21 With the catalyst layer up to 650~700° 
C. in ?oWing protective gas; introducing a carbon source 
gas, such as acetylene; and thus forming carbon nanotubes 
31 extending from the cathode electrodes 21. 
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[0026] An alternative method for groWing the carbon 
nanotubes 31 directly on the cathode electrodes 21 is similar 
to the above-described preferred method, except for the 
folloWing. The cathode electrodes 21 are oxidiZed to form an 
oxidiZed layer having a thickness of less than 1 micrometer 
on a surface of the cathode electrodes 21, the oxidiZation 
being performed instead of depositing the silicon layer on 
the cathode electrodes 21. Other steps of the alternative 
method are the same as the above-described preferred 
method, such as: depositing a catalyst layer on the oxidiZed 
layer of the cathode electrodes 21, annealing the catalyst 
layer, heating the cathode electrodes 21 With the catalyst 
layer in ?oWing protective gas; introducing a carbon source 
gas; and thus forming carbon nanotubes 31. 

[0027] FIG. 3 is a schematic plan vieW of part of a barrier 
array 41 used in the ?eld emission display according to the 
preferred method, said part comprising a single barrier. The 
barrier comprises a part of a shadoW mask de?ning an 
opening 42 therethrough and having an insulative layer 43 
formed thereon. A method for making the barrier array 41 
(step 40) comprises the folloWing steps: providing a metal 
plate; using the metal plate to form the shadoW mask; and 
forming the insulative layer 43 on the shadoW mask. The 
metal plate can be made from invar (an alloy of iron and 
nickel), loW carbon steel, or another suitable metal alloy that 
has a coef?cient of thermal expansion matching that of the 
substrate of the ?eld emission display. A thickness of the 
insulative layer 43 is in the range from 10 to 500 microme 
ters, and preferably in the range from 75 to 200 micrometers. 

[0028] A mask is provided prior to forming the shadoW 
mask. The mask has a predetermined pattern corresponding 
to a pixel pattern of the ?eld emission display. The shadoW 
mask 42 is then formed by photolithographic etching, using 
the mask. Thus, the shadoW mask also has the predetermined 
pattern. The pattern comprises a plurality of openings 42 
evenly arranged in an array according to the pixel pattern of 
the ?eld emission display. The insulative layer 43 can be 
formed by electrophoretic deposition, spray coating, or 
another suitable method. Preferably, the electrophoretic 
deposition method is employed. The insulative layer can be 
alumina, magnesia or another insulative material selected 
according to a required insulative performance of the ?eld 
emission display. 

[0029] In the preferred method of making the barrier array 
41, alumina is used as the insulative material, and electro 
phoretic deposition is need to form the insulative layer 43. 
In the electrophoretic deposition, the shadoW mask is used 
as an anode, and aluminum metal is used as a cathode. An 
electrolyte comprises aluminum ions. In the preferred 
method, the electrolyte comprises methyl alcohol (600 ml), 
magnesium sulfate (6 g), aluminum nitrate (30 ml), alumina 
(900 g) and deioniZed Water (600 ml). The time needed for 
the electrophoretic deposition is determined by a required 
thickness of the insulative layer of the ?eld emission display, 
Which in turn is determined according to a required insula 
tive performance of the ?eld emission display. 

[0030] The barrier array 41 is formed once an insulative 
layer 43 of alumina material has been deposited on the 
shadoW mask to a predetermined thickness. After the insu 
lative layer 43 has been deposited on the shadoW mask, the 
barrier array 41 is preferably soaked in a solution for a 
predetermined time to clean surfaces of the barrier array. In 
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the preferred method, the solution comprises ethyl cellulose 
(85 g), butyl alcohol (60 ml) and Xylene (3400 ml, 3°), and 
the predetermined time is 1~5 minutes. Then, the barrier 
array 41 is cured. 

[0031] The barrier array 41 is then attached to a frame 61 
having a ?xing surface (not shoWn), and is ?attened by 
applying stress thereto. Gate electrodes 51 are then formed 
on the barrier array 41 by electron beam evaporation, 
thermal evaporation, or sputtering (step 50). The barrier 
array 41 With the gate electrodes 51 formed thereon and the 
frame 61 are together ?xed to the substrate 11 using poW 
dered glass having a loW melting point to fuse the frame 61 
to the substrate 11 (step 60) (shoWn in FIG. 4). 

[0032] FIG. 5 shoWs a phosphor screen 71 packaged With 
the substrate 11 (step 70). Preferably, supporting members 
72 are employed to both support the phosphor screen 71 and 
to clamp the barrier array to the substrate to assure that the 
barrier array lies ?at against the substrate 11. 

[0033] It Will be apparent to those having skill in the ?eld 
of the present invention that the method of the present 
invention is not only suitable for ?eld emission displays that 
employ carbon nanotubes as emitters, but is also suitable for 
?eld emission displays that employ metal microtips as 
emitters. 

[0034] An alternative method for making a ?eld emission 
display according to the present invention comprises the 
folloWing steps: providing a substrate 11; forming cathode 
electrodes 21 on the substrate 11; forming a catalyst layer on 
the cathode electrodes 21; forming a barrier array 41 
employing the same method as described in relation to the 
preferred method; forming gate electrodes 51 on the barrier 
array 41; ?Xing the barrier array With the gate electrodes 51 
formed thereon to the substrate 11 to form an assembly; 
putting the assembly into a furnace and introducing a carbon 
source gas to form carbon nanotubes at predetermined 
positions Which are de?ned by the barrier array; and pack 
aging a phosphor screen 71 With the substrate 11. Because 
the barrier array is put into the furnace and sustains a 
temperature at Which carbon nanotubes can groW, the means 
by Which the barrier array is ?Xed to the substrate 11 must 
be altered to another means, such as Welding, or employing 
suitable clips. 

[0035] Because making a shadoW mask is a knoWn tech 
nology in the ?eld of CRTs, the above-described preferred 
and alternative methods according to the present invention 
can be conveniently employed. In addition, a thickness and 
a material of the shadoW mask can be selected according to 
the particular requirements of the ?eld emission display 
desired. Furthermore, the thickness and the material of the 
insulative layer 43 can be determined according to the 
insulative performance required for the ?eld emission dis 
play. Moreover, the barrier array may be formed in suf?cient 
siZe that it can be subdivided for use in one or more ?eld 

emission displays. In summary, the present invention pro 
vides a ?eld emission display having a barrier array made to 
a high degree of precision Which is loW in production cost. 
The barrier array is also suitable for mass production in an 
environmentally friendly manner. 

[0036] It is understood that the invention may be embod 
ied in other forms Without departing from the spirit thereof. 
Thus, the present eXamples and embodiments are to be 
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considered in all respects as illustrative and not restrictive, 
and the invention is not to be limited to the details given 
herein. 

1. A method for making a ?eld emission display com 
prising the folloWing steps: 

providing a substrate; 

forming cathode electrodes on the substrate, the cathode 
electrodes together With the substrate de?ning a piXel 
pattern; 

forming a barrier array; 

forming gate electrodes on the barrier array; 

?Xing the barrier array With the gate electrodes to the 
substrate; and 

packaging a phosphor screen With the substrate, 

Wherein the barrier array is formed by depositing an 
insulative layer on a shadoW mask Which de?nes a 
plurality of openings according to the piXel pattern of 
the ?eld emission display. 

2. The method for making a ?eld emission display as 
described in claim 1, Wherein the substrate can be glass, 
ceramic, silicon oXide, alumina or another suitable insulative 
material having a surface With a total thickness variation less 
than 1 micrometer. 

3. The method for making a ?eld emission display as 
described in claim 1, Wherein the method further comprises 
the step of providing a mask having a pattern according to 
the piXel pattern. 

4. The method for making a ?eld emission display as 
described in claim 1, Wherein the shadoW mask is made from 
a material selected from the group: invar, loW carbon steel, 
or another suitable metal alloy, and the material has a 
coef?cient of thermal eXpansion matching that of the sub 
strate. 

5. The method for making a ?eld emission display as 
described in claim 1, Wherein the insulative layer comprises 
alumina or magnesia. 

6. The method for making a ?eld emission display as 
described in claim 5, Wherein a thickness of the insulative 
layer is in the range from 10 to 500 micrometers. 

7. The method for making a ?eld emission display as 
described in claim 5, Wherein the insulative layer is formed 
on the shadoW mask by spray coating. 

8. The method for making a ?eld emission display as 
described in claim 5, Wherein the insultive layer is formed 
on the shadoW mask by electrophoretic deposition. 

9. The method for making a ?eld emission display as 
described in claim 8, Wherein, after the insulative layer has 
been deposited on the shadoW mask, the barrier array is 
preferably soaked in a solution for a predetermined time to 
clean surfaces of the barrier array. 

10. The method for making a ?eld emission display as 
described in claim 1, Wherein the gate electrodes are formed 
on the barrier array by electron beam evaporation, thermal 
evaporation or sputtering. 

11. The method for making a ?eld emission display as 
described in claim 1, Wherein the method further comprises 
a step of attaching the barrier array to a frame having a ?Xing 
surface. 

12. The method for making a ?eld emission display as 
described in claim 1, Wherein the barrier array With the gate 
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electrodes formed thereon is ?xed to the substrate by means 
selected from fusing powdered glass having a loW melting 
point, Welding or employing suitable clips. 

13. The method for making a ?eld emission display as 
described in claim 1, Wherein emitters employed by the ?eld 
emission display comprise carbon nanotubes or metal 
microtips. 

14. A method for making a ?eld emission display com 
prising the folloWing steps: 

providing a substrate; 

forming cathode electrodes on the substrate, the cathodes 
electrodes together With the substrate de?ning a piXel 
pattern; 

providing a metal plate de?ning a plurality of openings 
according to the piXel pattern With an insulative layer 
formed thereon; 

forming gate electrodes on the insulative layer; 

?Xing the metal plate With the insulative layer formed 
thereon to the substrate; and 

packaging a phosphor screen With the substrate. 
15. The method for making a ?eld emission display as 

described in claim 14, Wherein emitters employed by the 
?eld emission display comprise carbon nanotubes or metal 
microtips. 
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16. The method for making a ?eld emission display as 
described in claim 14, Wherein the metal plate is selected 
from the group: invar, loW carbon steel, or other suitable 
metal alloys, and the metal plate has a thermal expansion 
coef?cient matching that of the substrate. 

17. The method for making a ?eld emission display as 
described in claim 14, Wherein the metal plate With the 
insulative layer formed thereon is ?Xed to the substrate by 
means selected from fusing poWdered glass having a loW 
melting point, Welding or employing suitable clips. 

18. A ?eld emission display comprising: 

a substrate; 

cathode electrodes disposed upon the substrate and de?n 
ing a piXel pattern; carbon nanotubes groWing from 
said cathode electrodes; 

a barrier disposed upon the substrate and de?ning through 
openings corresponding to said piXel pattern; 

gate electrodes located on said barrier and beside said 
carbon nanotubes; and 

anode electrode located above tips of said carbon nano 
tubes. 


